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ABSTRACT 
The use of herbicides in wheat production is increasing in Nepal mainly due to labor shortage and higher wage 
rates, even if available. However, little information is available on what factors determine the use of herbicides. 
This study explored the major factors that affect the decision to use herbicide by the wheat farmers. The semi-
structured interview schedule was administered to 343 farmers from four major wheat-growing districts. The 
study employed a probit regression model to identify the factors that influenced the decision to use herbicides. 
Educations, membership, migration, wheat cultivated area, amount of urea use were identified as the significant 
factors influencing the decision of farmers to use herbicides. Herbicides user farmers produced 220 kg more 
wheat grain yield from one hectare of land compared to non-users. This study suggests that the wheat yield of 
Nepal could be increased through adopting better weed management techniques. 
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INTRODUCTION 
Wheat is the third important crop of Nepal after rice and maize both in area and production. 
The present wheat area is 7, 06,842 ha with average productivity is 2757 kg/ha. Wheat is 
grown on 25% of the cultivated land in the country. Wheat productivity has steadily 
increased from 2.2 to 2.75 t/ha in the last ten years (MoALD, 2018). Rice-wheat is the most 
common and important cropping pattern in the Terai region. However, the average 
productivity of wheat is low as compared to neighboring countries India and China 3.37 
ton/ha and 5.48 ton/ha respectively. There are several factors responsible for low wheat 
productivity in Nepal. Weed is one of the major factors that contribute to a lower yield. 
Losses caused by weeds in wheat depend on the infesting weed type, its intensity, and 
agronomic practices adopted in wheat cultivation (Singh, 2007). Losses caused by weeds in 
wheat vary from 20-50 percent, but there could be complete crop failure in extreme cases 
(Malik & Singh, 1995). Losses are not only caused by direct nutrient competition between 
weeds and the crop but also because the presence of weeds may attract other biotic yields –
reducing factors, such as diseases and grain-feeding birds ( Demont & Rodenburg, 2016). 
The use of herbicides is the increasing rate in the world for crop production. Herbicides are 
being rapidly adopted in developing countries that shortage of hand weeding labor and the 
need to an increase in crop production. Increased herbicide use promotes efficient fertilizer 
use, which leads to an increase in production. Herbicide application is usually the most 
effective and least labor-intensive weed control method with the highest yield return 
(Rodenburg et al., 2015). In Nepal, many farmers depend on herbicides to control weeds in 
wheat fields. Manual weeding is a traditional practice used to control weed competition with 
crops, but their cost is rising due to increased labor cost. Nepal imported about 1.05 t 
herbicides in 2016/17 (CBS, 2019). No herbicides are produced in Nepal. Annual herbicide 
use in Nepal is increasing. Farmers mostly use herbicide to control weed in cereal production. 
Most of the herbicides are imported from India and China. Despite the increase in herbicide 
use in Nepal, no empirical examines the determinants of herbicides used. In this paper, we 
examine factors affecting herbicide use in Nepal. 
 
Mbazima (1997) studied herbicide adoption rates among small and medium-scale farmers in 
Zambia. The study by Pingali (2001) found that higher labor costs, decreasing herbicide price 
and the wide adoption of herbicide-resistant GM crops could be potential factors driving the 
expansion in herbicide use. A study on factors that affect the use of herbicides in Philippine 
rice farming system found that the age of the farmer, household size, irrigation, farm size, 
land ownership, price of herbicides, income and credit were the significant factors 
determining the adoption of herbicide (Beltran et al., 2013). Research on rising herbicide use 
and its driving forces in China showed that migration, irrigation, farmers’ education were 
significant factors in herbicide use (Huang et al., 2017). A study on factors affecting the joint 
adoption of herbicides and conservation technologies in Zambia found that male-headed 
household, members to a cooperative, farm size, having knapsack sprayer and receiving 
advice on CA technologies were critical in positively influencing the joint- adoption of 
herbicides and CA technologies (Mutale et al., 2017). A study by Tamru et al. (2017) in 
Ethiopia found that positive labor productivity effects of herbicide use of between 9 and 18 
percent. They also identified the adoption of herbicide is strongly related to proximity to 
urban centres, access to all weather roads, and wage rate. Research in India found that as the 
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rural nonfarm employment increases, the probability of adoption of herbicides increases 
(Gupta et al., 2017). 
The overall objective of this study is to determine farm-level factors that determine herbicide 
use in a wheat-based farming system in the Terai region of Nepal. An empirical analysis that 
identifies the impact of various factors on the adoption of weed management strategies can 
help to provide valuable input into the formulation of policies related to the herbicide. 
METHODOLOGY 
The farm-level data were collected through face to face interviews with 343 wheat farmers in 
the Terai region of Nepal, which covered four districts: Sunsari district from eastern Terai, 
Bara from central Terai, Rupandehi from western Terai and Kailai from far western Terai. 
The households’ survey was conducted using a semi-structured interview schedule during 
January-April 2019. Multistage sampling was used in the study. At first, four Terai districts 
were selected based on the highest wheat-growing district in that region of Nepal. In the 
second stage, three pockets in each district were selected based on wheat area, production and 
productivity with the consultation of the Agriculture Knowledge Centre and the households 
were selected randomly from the pockets. One focus group discussion was conducted in each 
pocket. The survey collected information on household demographics, the quantity of inputs 
use, wheat production technologies and outputs obtained. The collected information from 
four districts was entered in Excel and data analysis was conducted by using software Stata 
(version 15.1). Both descriptive and inferential statistics were used to analyze the data. In this 
study, the treatment group includes farm households who used herbicides in wheat farming. 
The control group represented farmers who didn’t use herbicides in the wheat field. Among 
the sample households, 176 households used herbicides whereas, 167 households didn’t use 
herbicides in their wheat field. 
Factors Influencing Herbicide use 
A probit model was used to determine the factors influencing herbicide use in the wheat field. 
A probit model is appropriate for modelling dichotomous dependent variable which takes 
value 1 for adopter and 0 for non-adopters. The Logit model is also used in the discrete model 
which produces the same results as the probit model (Gujarati, 2004). The difference between 
logit and probit model is only in the distribution of the errors. The logit model has a standard 
logistic distribution of errors where the probit model has a standard normal distribution of 
errors (Gujarati, 2004). The estimated parameters in the probit model are between 50% and 
60% smaller value than the corresponding parameter estimates in the logit results. 
 
In this study, farmers’ use of herbicide was based on an assumed underlying utility function. 
The difference between the utility from using herbicides  (UiA) and the utility from not using 
herbicide (UiN)  may  be  denoted  as  Ui*,   such  that   a   utility-maximizing  farm  
household  i  will  choose  to  adopt new  technology  if  the  utility  gained  from  adopting  is  
greater  than  the  utility  from  not  adopting  (Ui* = UiA –UiN> 0).  Since, these utilities are  
unobservable,  they  can be expressed as a function of observable elements in  the  latent  
variable  model  as  shown in the below equation.  FelekeandZegeye (2006),  Janvry  
et.al.(2010),   Asfaw   et   al.   (2012),   and   Kohansal   and   Firoozzare   (2013) used the   
adoption   decision   modeled in a random utility framework as follows: 
Prob (U*i)= σ0 + Σ δnXi+ εi    …………………….        Equation  1 
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Prob(Adopt=1) = U’ K + εi     ……………………………….        Equation   2 
Where, 
 U*i  = A latent variable representing the propensity of a farm household i to use 
herbicides (1 if farmer using herbicide and 0 otherwise)  
Xi = K= the vector of farm households’ asset endowments, household characteristics 
and location variable that influence the herbicide using decision 
 σ0, δn = parameters to be estimated 
εi =error term of the  ith farm households 
  i = 1, 2, 3, … n farm households 
 
RESULTS AND DISCUSSIONS 
 
Socio-Demographic Characteristics 
Table 1 presents the descriptions and summary statistics of the entire variable that are used in 
the probit model. It also shows the expected influences (positive and negative signs) of the 
explanatory variables on herbicide use decisions. In the probit model, a discrete latent 
variable of herbicide use (adopt) is generated, taking on a value of 1 if the farmer used 
herbicides in the wheat field and 0 if the farmers didn’t use herbicide in their wheat field. 
About 51% of the sample households used herbicide in the wheat field. Most of the farmers 
used postemergence herbicide 2,4-D for weed control. They applied 2,4-D herbicides after 
20-35 days after sowing. The average age of the household head was about 50 and the 
average household head formal schooling was 6 years. The mean wheat area is 0.76 ha. On 
average wheat farmers used 124 kg urea per hectare for wheat production.  
 
Table 1:  Description, summary statistics, and expected signs for variables in the model 
Variable Description Mean SD Expected 
sign 
Dependent variable     
Adoption of herbicide =1 if the farmers use herbicides, 0 otherwise 0.51 0.50  
Independent variable     
Age Age of the household head (years) 49.91 12.64 +, - 
Education Number of schooling of household head (years) 6.12 4.51 + 
Farm size Farm size of wheat farming (ha) 0.76 0.88 + 
Urea Amount of nitrogenous fertilizer applied (kg/ha) 124 52 + 
Migration Value 1 if household membersmigrated, 0 otherwise 0.19 0.39 + 
Membership Value 1 if member of an Agricultural  organization, 0 
otherwise 
0.56 0.49 + 
Training Value 1 if attended a wheat training, 0 otherwise 0.17 0.38 + 
Region dummy Value 1 if farm located in eastern and Central region, 
0 if farm located in western and far western  
0.55 0.49 +,- 
 
About 20% of household members migrated to foreign countries. About 56% of farmers were 
members of Agriculture related organizations, whereas about only 17% of farmers received 
training on wheat farming. About 55% of farmers were surveyed from the eastern and central 
part of the country, whereas about 45% of farmers were from the western and far western 
regions. 
Table 2 presents the results of differences between means of characteristics describing 
herbicides users and non-users. The education of the household head was significant different 
between herbicide users and non-users. The total wheat area was higher for adopters 
compared to non-adopter, but it is not significant. The amount of urea application was 
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significantly higher for adopter farmers. The wheat productivity was significantly higher for 
herbicide user farmers as compared to non-users. Herbicide user farmers produced 220 kg 
more wheat in one hectare of land than non-user farmers.  
Table 2: Characteristics of herbicide users and non-users 
Variables Herbicide users Herbicide non users Difference t-value 
Age (Years) 50.11 49.71 0.40 0.769 
Education  (Years) 6.83 5.37 1.46 0.002** 
Family Size (no.) 7.130 7.635 -0.504 0.215 
Farm size (ha) 0.838 0.683 0.155 0.104 
Urea quantity ( kg/ha) 133.92 113.48 20.45 0.000*** 
Wheat productivity (kg/ha) 2881 2661 220 0.006** 
Migration 0.22 0.16 0.066 0.126 
Membership 0.71 0.41 0.30 0.000*** 
Training 0.19 0.16 0.032 0.437 
Region dummy 0.64 0.46 0.18 0.001*** 
Source: Field survey; 2019 
Table 3 presents the estimated parameters for the adoption of herbicide use. The result for the 
probit regression shows that the model is significant at 1% level based on LR chi-square 
value of 59.55 with 8 degrees of freedom. The value of pseudo R2 of the model is 0.125, with 
68.51% of the responses predicted correctly. The area under the ROC curve for the probit 
regression is 0.72 which reveals that the model presents adequate discrimination. In table 3 
the marginal effect (dy/dx), which represents the percentage change in herbicide use per 
percentage change in each of the independent variables. Among the explanatory variables 
year of schooling, total wheat area, amount of urea use, membership, migration, and region 
were statistically significant.  
To assess the effect of farm size on the probability of adoption of herbicides, the wheat area 
was included in the model. The positive and significant sign-on farm size indicated that as 
farm size increased, the likelihood of application of herbicides increased. As shown by the 
marginal effect, increasing a farm size by 1 percent the probability of taking the decision to 
use herbicide increases by 0.07 %. Beltran et al. (2013) in the Philippines also found that 
farmers who have large farm areas tend to adopt herbicides.  
The education of household head was found to have a significant impact on herbicide use in 
wheat production. The positive coefficient of education suggests that educated farmers apply 
herbicides than farmers with less education. This is because educated members have more 
knowledge of herbicides than less educated members. The marginal effect of variable 
education is 0.012. This implies that holding other factors constant, one year increase in 
schooling year of the household head will increase the probability of herbicide used by 1.2 %. 
This is consistent with the literature that education creates a favourable mental attitude for the 
acceptance of new agricultural technology (Waller et al., 1998; Caswell et al., 2001). 
However, This result is contradicted with Huang et.al, 2017 in China.  
 
Moreover, the model revealed that increasing the urea usage by 1%, the probability of taking 
the decision to use herbicide increases by 0.14% (at 1% level of significance). This implies 
that farmers who applied more urea applied in the wheat field have a higher probability of 
herbicide application. This may be because a higher nitrogen application helps to grow more 
weed in the wheat field. This may be because weeds establish and grow more easily in 
 Journal of Agriculture and Natural Resources (2020) 3(1): 12-19 
ISSN: 2661-6270 (Print), ISSN: 2661-6289 (Online) 
DOI: https://doi.org/10.3126/janr.v3i1.26999    
 
17 
 
nitrogen-rich soil (Ampong-Nyarko & De Datta, 1991). This finding is consistent with the 
amount of nitrogen fertilizer applied is a positive significant factor in herbicide expenditure 
(Beltran et al., 2013). 
Migration has a positive association with herbicide applications. The finding indicates that 
the probability of herbicide application is 10% more for households with foreign migrants as 
compared to non-migrant households. Households with foreign migrants who send 
remittances are able to buy herbicides and apply in their field. This is in line with the findings 
of the study conducted in Bangladesh (Mendola, 2008) which showed that foreign migration 
has a positive effect on adopting superior agricultural technologies. 
Table 3: Probit model estimation of herbicide use  
Variables Coefficient SE z-value p>| z | dy/dx 
Log Age (Years) 0.050 0.104 0.26 0.869 0.017 
Education  (Years) 0.034** 0.006 1.94 0.053 0.012 
Log farm size (ha) 0.194** 0.029 2.27 0.023 0.067 
Log Urea  kg 0.407*** 0.056 2.52 0.012 0.141 
Migration 0.312* 0.062 1.73 0.084 0.101 
Membership 0.734*** 0.046 5.55 0.000 0.253 
Training -0.068 0.067 -0.35 0.726 -0.023 
Region dummy 0.345** 0.049 2.43 0.015 0.119 
Number of observation (N) 343     
LR chi2 (8) 59.55     
Prob> chi2 0.000     
Pseudo R2 0.125     
Log likelihood -207.86     
Goodness of fit test Pearson chi2 (331) = 341.6 prob>chi2 = 0.332  
Correctly predicted percent 68.51     
Note: * significant at 10% level, ** significant at 5% and *** significant at 1% 
The participation of the membership in an agriculture-related organization has a positive 
relation with herbicide application. Thus, those farmers who are involved in farm 
organizations have more probability of herbicide application. A positive relation between 
membership and herbicide application could arise because the farm organization gives the 
knowledge and information about herbicides application to the farmers. The coefficient of 
membership is positive and statistically significant. Holding other factors constant, farmers 
who are members of an agriculture-related organizations; the probability use of herbicide is 
increased by 25%. Farmers who were members of agricultural organization; the probability 
of adoption of new agricultural technology was increased (Adhikari et al., 2018; Subedi et al., 
2019; Mutale et al., 2017).  
The location variable (region) showed a statistically significant and positive relationship with 
wheat farmers’ decision to use herbicide in the wheat field. This means that farmers in the 
eastern and central regions have 12% more probability to use herbicides as compared to 
western and far western region farmers. This may be due to eastern and central region 
farmers are more aware of using herbicides than western and far western region farmers. 
CONCLUSION 
The results of this study revealed that different socioeconomic factors such as the education 
of household head, membership, migration and farm size significantly affect in a decision to 
use herbicides; taking account of their relation, the use of herbicides could be promoted. In 
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addition, the study explored that the farmers applying a high dose of nitrogenous fertilizers 
were using the herbicides while the vice versa was also true. This study also found that the 
use of herbicides increases the productivity of wheat; the wheat productivity of the farmers 
using the herbicide was higher as compared to non user farmers. Furthermore, the study 
disclosed that there is a significantly higher probability of using herbicide in wheat 
production among the farmers of the eastern and central regions than western and far western 
regions. This study highlighted that appropriate weed management strategies could contribute 
to increase the wheat productivity of Nepal. 
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